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Chapter 1Introdu
tionThis do
ument des
ribes how to 
ompile and run the 1-D radiation transfer program, driver.f.This is the radiative transfer 
ode used in the NASA Ames Mars general 
ir
ulation model(v23, September 2010).1.1 Radiative Transfer: OverviewThe radiative transfer (RT) 
ode was taken from a 3-D general 
ir
ulation model (GCM) that
al
ulates �uxes in the atmosphere at layer boundaries, and at the surfa
e. GCMs typi
allyuse these �uxes to 
al
ulate temperatures from heating rates in the model atmosphere, aswell as the amount of solar energy absorbed by the surfa
e. In order to 
al
ulate the �uxes,the radiative transfer 
ode uses GCM variables su
h as layer temperatures, pressures, anddust loading, whi
h are used to 
al
ulate opti
al depths in ea
h layer. Variables that a 3-DGCM would 
ompute and then pass to the radiation 
ode are set by the user in driver.f, andthen passed to the radiative transfer subroutines as needed. The results of the radiativetransfer 
al
ulations are �uxes at layer boundaries. Heating rates are 
al
ulated from the�uxes. These heating rates are 
omputed near the end of driver.f and written to the output�le, driver_data.The radiation transfer 
ode is based on the two-stream approximation; quadrature in thevisible, hemispheri
 mean in the IR. This aspe
t of the 
ode is not designed to be 
hanged.However, su
h things as the number of spe
tral intervals, the dust properties, or the gasspe
ies in the atmosphere 
an be modi�ed. The spe
tral intervals, the absorbing gasses, theaerosol opti
al properties, and other model properties, are spe
i�ed by the user, and areeasily 
hanged as needed.1.2 Radiative Transfer: Current ModelThe RT 
ode in
ludes CO2 and H2O gas opa
ity as well as aerosol opti
al properties fordust, and water i
e 
louds. Non-RT physi
s 
omputed in a 3-D GCM is provided by the userin driver.f. These in
lude 
osine of the solar zenith angle, dust opti
al depth and temperaturein ea
h layer, to name a few quantities. The RT 
ode 
omputes the visible and IR �uxes,as well as net �uxes, at the layer boundaries. Heating rates 
an be 
omputed from these�uxes. Currently the 
ode is set up to 
al
ulate the �ux through the spe
i�ed atmospherefor a single time step. The 
ode 
an be modi�ed to run for multiple time steps: through adiurnal 
y
le, or run until radiative equilibrium is rea
hed.2



The radiation 
ode uses 
orrelated-k gas opa
ities. For ea
h spe
tral interval there are 17Gauss points. The radiative transfer equation is solved throughout the entire atmospheri

olumn for ea
h Gauss point in ea
h spe
tral interval. The 
urrent setup uses 12 spe
tralintervals (7 visible, 5 IR), with 17 Gauss points per interval.The RT 
ode uses di�erent two-stream approximations for the visible and IR spe
tralregions, and 
omputes the visible and IR �uxes separately. The result is that �uxes in ea
hspe
tral interval are 
al
ulated, and 
ombined into values for the entire spe
tral region: onefor the visible, another for the IR. These represent �uxes for the entire visible spe
tral regionand a separate set of values for the entire IR region. Net �uxes at the boundary of ea
hlayer for the visible and IR regions are 
omputed from these �uxes. The returned valuesfrom the radiation 
ode are visible and IR �uxes (and net �ux) at layer boundaries, whi
h
an be turned into heating rates. The net solar �ux at the surfa
e is also 
omputed in thevisible band.
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Chapter 2Qui
k Start2.1 Some InformationDownload the �le rtdriver.tar.gz and pla
e it in a working dire
tory. Change to that dire
toryand unpa
k the tar �le:Mars> tar zxvf rtdriver.tar.gzwhere "Mars>" (and "IDL>" below) represent shell prompts. This should 
reate a dire
toryrtdriver whi
h holds the radiation sour
e 
ode. To 
ompile the 
ode go to the dire
toryrtdriver and run the make �le:Mars> 
d rtdriverMars> makeIf all went well, the program driver should have been 
reated. To run the 
ode, 
reate andview a sample plot, (assuming IDL is installed):Mars> driverMars> idlIDL> driverIDL> exitMars> gv driver.pswhere gv is any program that displays posts
ript �les. If IDL is not installed, a graphi
sprogram of your 
hoi
e 
an be used. The RT program driver outputs the �le, driver_datathat holds the output values used for plotting. The �le driver.pro is an IDL s
ript that readsthe output �le and 
reates the IDL plot.2.2 A Little More InformationThe 
ode and data �les are setup to run on standard little-endian (x86, x86_64) Linux
omputers using the GFORTRAN 
ompiler. The rtdriver distribution is designed to run withno modi�
ations on su
h Linux 
omputers. The downloaded �le, rtdriver.tar.gz expands intoa dire
tory rtdriver, whi
h 
ontains the sour
e 
ode, and a dire
tory, data. This dire
toryin
ludes �les that hold the CO2 and H2O absorption 
oe�
ients, as well as dust and wateri
e 
loud opti
al 
onstants. 4



The 
ode has been 
ompiled using various FORTRAN90 
ompilers, but this distributionuses GFORTRAN as the default. GFORTRAN is part of the standard Fedora distribution,as well as other Linux 
on�gurations, and 
an be installed on ma
hines using di�erentoperating systems. The 
ode needs GFORTRAN version 4.3 or later to work properly. Thedefault make �le (Make�le) uses GFORTRAN. This �le 
an be modi�ed as needed if adi�erent 
ompiler is desired.
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Chapter 3More About the Code3.1 What �les are needed?In addition to the sour
e 
ode and Make�le, there are four input data �les whi
h are requiredto run the 
ode: CO2H2O_V_12_95 and CO2H2O_IR_12_95, as well as QEXT_DUSTand QEXT_WATER. These are the visible and IR k-
oe�
ient data �les for CO2 (plusvarious amounts of H2O) gas absorption, and the opti
al 
onstants for both dust and wateri
e aerosols. Below is a table whi
h lists the set of required data �les, showing their names,whi
h subroutine reads ea
h �le, and data type.Des
ription File Name Subroutine Data TypeGas Opa
ityk-
oe�
ients (V) CO2H2O_V_12_95_INTEL laginterp.f90 real*8k-
oe�
ients (IR) CO2H2O_IR_12_95_INTEL laginterp.f90 real*8Opti
al ConstantsDust QEXT_DUST setrad.f90 ASCIIWater I
e QEXT_WATER setrad.f90 ASCIITable 3.1: Radiation transfer data �les.3.2 Pressure and Temperature LimitsThe gas absorption k-
oe�
ients were 
al
ulated o�-line on a pressure (P) and temperature(T) grid. The pressure ranges from 10−6 to 10+4 mbar, with the pressure at ea
h grid point10 times larger than the previous one. The temperature grid ranges from 50 K to 350 K,
∆T = 50 K.For given values of P and T, the 
ode interpolates the k-
oe�
ients from the abovedes
ribed grid to the requested P,T values. If either P or T is outside the limits of thegrid, the 
ode uses the appropriate limiting value (e.g. if T = 360 K then the 
ode uses thek-
oe�
ients for T = 350 K).The variable, PTROP (in driver.f) is set to 2.0 × 10−6 mbar. The 
ode uses PTROP/2as the top of the atmosphere, whi
h in this 
ase 
orresponds to the limit of valid pressuresfor the k-
oe�
ient grid. To stay within the pressure limits of the 
ode, sele
t PTROP6



su
h that PTROP ≥ 2.0 × 10−6 mbar. To stay within the pressure limits keep the surfa
epressure, PSF, within the values PTROP < PSF ≤ 10+4 mbars.3.3 Dust Opti
al PropertiesThe dust opti
al properties, Qext (extin
tion e�
ien
y), Qscat (s
attering e�
ien
y), and
g (s
attering asymmetry parameter), are 
al
ulated o�-line and values read in the 
ode insetrad.f90. Note that the aerosol data are listed in in
reasing wave number, not wavelength.The radiation 
ode variables are QEXTV, QSCATV, GV (in the visible) and QEXTI, QS-CATI, GI (in the IR). The spe
tral intervals are shown in the appendix.3.4 User De�ned VariablesThere is no user input �le, just various variables in driver.f that 
an be set. This in
ludesthe temperature, pressure, dust loading, and water mixing ratio at ea
h layer. Temperaturepro�les, as well as dust opti
al depth pro�les 
an be in
luded at the 
ompile stage. Thereare examples in driver.f of both temperature and dust opa
ity �les being in
luded in thismanner.Below is a short list of variables in driver.f that the user may wish to modify. Units areMKS ex
ept for pressures, whi
h are in mbar, and the (square) of the Sun-Mars distan
e,whi
h is in astronomi
al units, AU.ALBI: Surfa
e albedo in the IR.ALBV: Surfa
e albedo in the visible.PTROP: Tropopause pressure, mbar.PSF: Surfa
e pressure, mbar.TAUTOT: Visible dust opti
al depth at the referen
e pressure level, RPTAU. RPTAU isset to the surfa
e pressure in this version of the 
ode.CONRNU: Sets verti
al dust mixing; 10−8 for uniformly mixed dust, 0.3 for dust 
on�nedto the lowest model layers.ACOSZ: Cosine of the solar zenith angle.QH2O: Water mixing fra
tion. The limits are 10−7 to 0.4. Set to 10−7 for no water.RSDIST: Square of the Sun-Mars distan
e, in (AU)2.GRAV: A

eleration due to gravity (3.72 m/s2).GCMLAYERS: Number of model layers.TSTRAT: Temperature of the stratosphere.TL: Atmosphere temperature at ea
h level.GT: Ground temperature.DSIG: Layer thi
kness on the σ-
oordinate system.SIGMA: Verti
al 
oordinate system. σ = 0 at the tropopause, σ = 1 at the surfa
e.7



TAUREF: Dust opti
al depth of ea
h sub-layer, at the referen
e wavelength.TAUCUM: Cumulative dust opti
al depth measured from the top of the atmosphere toea
h level.PLEV: Pressure at the GCM model levels.TLEV: Temperature at the GCM model levels.SOL: Solar �ux in ea
h spe
tral interval, at the Mars-Sun distan
e.3.5 Code FlowAn overview of the RT 
ode �ow is presented below. This is a high level des
ription, basedon how the 
ode is used in a 3-D model. No 
hanges to the overall �ow where made to takeinto a

ount that this is a 1-D driver. A short des
ription of what ea
h subroutine does isgiven in the appendix.INITIALIZATION( 1) Initialize lo
al variables and input variables, su
h as the surfa
e albedo and τd (thedust opti
al depth).( 2) CALL RADSETUP: This initializes the radiation 
ode. The spe
tral intervals are setin the visible (setspv.f90) and IR (setspi.f90). The dust opti
al properties Qext, Qscat,and g are set in setrad.f90.( 3) User de�ned variables, su
h as surfa
e pressure, tropopause pressure, and 
osine of thesolar zenith angle, are set. The atmosphere temperature is set, either dire
tly, or byin
luding a �le that lists the values at ea
h pressure level. The ground temperatureis set. The pressure at ea
h level is 
omputed. The dust pro�le is either 
omputed(CALL DUSTPROFILE) or pla
ed into the program at 
ompile time.( 4) Put P, T into GCM-like arrays PLEV, TLEV, as well as radiation 
ode arrays PMID,TMID.( 5) Cal
ulate the Solar �ux at the top of the atmosphere in ea
h visible spe
tral intervalfor the requested Mars-Sun distan
e (RSDIST).RADIATION CALCULATIONS( 6) If the sun is up then 
al
ulate the visible opti
al depth (opt
v.f90), and the �uxes inthe solar spe
tral intervals (s�uxv.f90).( 7) If the sun is down (ACOSZ < 1.0 × 10−4), set the visible �uxes to zero.( 8) Cal
ulate the IR opti
al depth (opt
i.f90), and the �uxes in the IR spe
tral intervals(s�uxi.f90).( 9) The �uxes have been 
omputed: radiative transfer is done. FMNETV and FMNETIare the net visible and IR �uxes. FLUXUPV and FLUXUPI are the upward visibleand IR �uxes. FLUXDNV and FLUXDNI are the downward visible and IR �uxes.Note, that while heating rates are the primary reason for doing radiative transfer inGCMs, they are a derived quantity (
al
ulated using net �uxes), and as su
h not listedas part of this RT 
ode. 8



OUTPUT(10) Output various quantities: �uxes, heating rates . . . .
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Chapter 4Appendix4.1 Spe
tral IntervalsThere are 12 spe
tral intervals in the 
urrent version of the 
ode: seven in the visible, �vein the IR. Table 4.1 below lists the spe
tral intervals in the visible, table 4.2 shows the IRspe
tral intervals. The solar �ux (at 1 AU) inside ea
h band is shown in the �rst table. Thetotal solar �ux is 1356.1 W/m2.Table 4.1: Visible spe
tral intervals and solar �ux at 1 AU.GCM Band Wavelength Interval (µm) FSolar(W/m2)1 4.50 � 3.24 12.72 3.24 � 2.48 24.23 2.48 � 1.86 54.64 1.86 � 1.31 145.95 1.31 � 0.80 354.96 0.80 � 0.40 657.57 0.40 � 0.24 106.3Note that the referen
e wavelength in the visible, 0.67µm, 
orresponds to GCM visibleband #6. The IR referen
e wavelength, 9µm, 
orresponds to GCM IR band #4.Table 4.2: IR spe
tral intervals.GCM Band Wavelength Interval (µm)1 1000 � 60.02 60.0 � 24.03 24.0 � 12.04 12.0 � 8.005 8.00 � 4.504.2 SubroutinesA short des
ription of the radiation subroutines is given. The subroutines are listed in theorder in whi
h they're 
alled. 10



DRIVER � This is the program whi
h sets up the variables and then 
alls the variousradiation subroutines. Output, su
h as heating rates, is 
al
ulated here.INITIALIZATIONRADSETUP � This is subroutine 
alls SETSPV, SETSPI, and SETRAD. It also setsthe referen
e Qext value. This information is used to s
ale the IR Qext and Qscatvalues.SETSPV � The visible spe
tral intervals are de�ned. The solar �ux (at 1 AU) is setin ea
h spe
tral interval. Finally, the P,T-independent part of Rayleigh s
attering is
omputed.SETSPI � The IR spe
tral intervals are de�ned. The Plan
k integral for ea
h spe
tralinterval is 
omputed for a �ne grid of temperatures, ranging from 50 K to 900 K.SETRAD � The aerosol opti
al properties (Qext, Qscat, and g) for both visible and IRare set. The referen
e P and T grids are also de�ned. These are the pressure andtemperatures at whi
h the CO2 + H2O k-
oe�
ients were 
al
ulated. SubroutineLAGINTERP is 
alled, whi
h reads in the k-
oe�
ients.LAGINTERP � The visible and IR k-
oe�
ients are read in. The �ne-mesh pressuregrid is set here. The k-
oe�
ients are interpolated to this pressure grid using Lagrangeinterpolation. LAGRANGE is 
alled to do this. This interpolation allows a simple4-point linear interpolation (in T and P) of the k-
oe�
ients to be performed, savingtime.LAGRANGE � Performs a Lagrange interpolation of the k-
oe�
ients as a fun
tion ofpressure.DUSTPROFILE �This �lls the dust opti
al depth array with a user-de�ned dust pro�le.CALCULATIONOPTCV � Computes the visible opti
al properties throughout the 
olumn. These are dueto CO2 and Rayleigh s
attering, and when present, H2O, dust, and 
louds. Cal
ulatesTAUGSURF, the gas opti
al depth from the top of the atmosphere to the surfa
e.Returns τv, Qv
ext, ωv

o , and gv.OPTCI � Computes the IR opti
al properties, throughout the 
olumn. These are dueto CO2 and when present, H2O, dust, and 
louds. Cal
ulates TAUGSURFI, the gasopti
al depth from the top of the atmosphere to the surfa
e. Returns τ ir , Qir
ext, ωir

o ,and gir.TPINDEX � Finds the indi
es in the referen
e P, T, and q(H2O) grids needed to inter-polate to the requested P, T, and q(H2O) values of the layer in question.SFLUXV � Sets up the boundary 
onditions at the surfa
e and top of the atmospherefor ea
h spe
tral interval and Gauss point. It 
alls GFLUXV to solve the radiativetransfer equation. It sums the results from ea
h Gauss point and spe
tral interval intoa single �ux at ea
h atmosphere layer. SFLUXV returns visible �uxes.SFLUXI � Sets up the boundary 
onditions at the surfa
e and top of the atmosphere forea
h spe
tral interval and Gauss point. It 
alls GFLUXI to solve the radiative transferequation. It sums the results from ea
h Gauss point and spe
tral interval into a single�ux at ea
h atmosphere layer. SFLUXI returns IR �uxes.11



GFLUXV � Solves the radiative transfer equation for visible �uxes throughout the 
ol-umn. It �rst s
ales τ , ωo, and g to take into a

ount the strongly forward peakeds
attering phase fun
tion. It then puts the appropriate values into tridiagonal form,and 
alls DSOLVER to solve the equations. Fluxes are returnedGFLUXI � Solves the radiative transfer equation for IR �uxes throughout the 
olumn.It puts the appropriate values into tridiagonal form, and 
alls DSOLVER to solve theequations. Fluxes are returned.DSOLVER � Solves for the 
oe�
ients of the two stream solution. Calls DTRIDGL.DTRIDGL � Solves a system of tridiagonal matrix equations.4.3 Verti
al GridThe radiation 
ode verti
al grid has layer 1 at the top. In our 
ase layer 25 is at the surfa
e.The RT boundary 
onditions are applied at the Top level (see �gure 4.1), where there is nodownward IR �ux, and the solar �ux is the dire
t solar �ux at the Sun-Mars distan
e. Thebottom boundary 
onditions, applied at the Surfa
e level, are that the upward IR �ux is
σT 4

g , where Tg is the surfa
e temperature, and the upward solar �ux is the re�e
ted part ofthe downward beam.4.4 Sample OutputThe unmodi�ed version of driver.f (the baseline 
ode) produ
es output shown in �gure 4.2.The input parameters are listed in the Net Solar Flux plot. The plot was made usingdriver.pro, whi
h uses driver_data as the data �le.
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VERTICAL GRID (25 Layers)
τc = 0

τc(1) Flux(1)

τc(2) Flux(2)

τc(3) Flux(3)

τc(22) Flux(22)

τc(23) Flux(23)

τc(24) Flux(24)

τc(25) Flux(25)

Top

Surfa
e
q

q

q

T (1)

T (2)

T (3)

T (23)

T (24)

T (25)

Figure 4.1: Verti
al grid, 25 layer model. Flux(L) is the �ux passing through layer L. τc(L)is the 
umulative opti
al depth, measured from the top of the atmosphere to the bottomof layer L. T(L) is the temperature of layer L. Note that the top and bottom layers aredi�erent from the rest; the temperature is 
arried at the top of layer one, and the groundtemperature is 
arried at the surfa
e.
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Figure 4.2: Output from the baseline driver.f 
on�guration.
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